R ecommended plant populations for commercial pumpkin production vary widely depending on the source of the recommendation. Each state has its own recommendation and even adjacent states have differences between the highest and lowest values within their range of recommended plant populations (Table 1) . Some recommendations are general in nature and are meant to assist with the planting of all pumpkin types, from bush to semi-vining to large-sized vines. Plant populations of these recommendations vary as much Increasing plant population resulted in increasing yield (by weight) at one location but not the other. Though not a part of the study, it was thought the yield increase at the one location was a result of supplemental irrigation. Increasing plant population resulted in a signifi cantly linear decrease in average fruit size at each location. Reiners and Riggs (1999) reported in a similar study a signifi cantly linear increase in yield of 'Wizard' and 'Howden' as plant population increased from 1210 to 3626 plants/acre (2990-8960 plants/ha). Increasing plant population resulted in increased number of fruit per acre and decreased average fruit size. Increased number of fruit more than compensated for decreasing fruit weight and resulted in an overall increase in yield. In a similar study with watermelon (Citrullus lanatus), it was concluded that the yield component contributing most to increased yields was increased fruit count per unit land area (NeSmith, 1993) .Watermelon is another vine crop where recommended plant populations vary widely depending on the state or source of the recommendation. Texas recommends a plant population for commercial triploid watermelon production of 2180 to 3350 plants/acre (5387-8278 plants/ha) (Daniello, 1996) , whereas Florida recommends about 1450 to 1740 plants/acre (3583 to 4299 plants/ha). A study of the effect of planting density on watermelon fruit size and yield suggested that a plant population of approximately 4030 plants/acre (9958 plants/ha) or lower was optimum for producing fruit of adequate size and yield (Sanders et al., 1999) . Motsenbocker and Arancibia (2002) reported that in-row spacing affected the number of triploid melons produced in the small-and extra small-size categories but not in the medium-and large-size categories. The number of small-and extra smallsized melons increased signifi cantly as in-row spacing decreased from 8 to 2 ft (2.4-0.6 m). This was equivalent to an increase in plant population from 680 to 2719 plants/acre (1680-6719 plants/ha). The authors concluded, in part, that direct-market growers would benefi t from high-density plantings by increasing yield of small-sized melons.
Researchers studying cantaloupe (Cucumis melo) reported that plant population signifi cantly affected yield components (Kultur et al., 2001) . As plant population doubled from 14,691 to 29,381 plants/acre (36,300-72,600 plants/ha), yield in tons per acre increased 69%, number of fruit per acre increased 66%, average fruit weight decreased 10%, number of fruit per plant decreased 24%, and weight of fruit per plant decreased 31%. Though the results of the study were averaged over three genotypes and other factors were examined, these results are typical of the effects of plant population on yield components of most vegetable crops (Wien, 1997) . As plant population increases, increases in the number of fruit per acre is normally more than enough to offset decreases in average fruit weight. The overall result is increased yield. Plant productivity, measured on an individual plant basis as number or pounds of fruit per plant, decreases sharply as plant population increases.
Plant population studies are conducted by varying in-row spacing and/or between-row spacing. Reiners and Riggs' fi rst study (1997) controlled plant population by varying in-row spacing while holding between-row spacing constant at 6 ft (1.8 m). Their second study (Reiners and Riggs, 1999) controlled plant population by varying in-row and between-row spacing. The author's concluded from the second study that yield was slightly increased when pumpkins were planted using wide in-row spacings in combination with narrow between-row spacings, thus making a somewhat square pattern of plants in the fi eld. The authors concluded that this arrangement reduced plant-to-plant competition.
The purpose of this research was to determine whether the wide range of plant populations recommended throughout the United States for commercial pumpkin production could be more narrowly defi ned, especially for the warm, humid climate of southeastern United States. Results of this research were expected to lead to recommendations of optimum plant stands for pumpkin cultivars that produce medium-and large-sized vines. Results were also expected to lead to an understanding of the effect of plant population on selected yield components. /plant). 'Howden Biggie' produces a larger, more vigorous plant than 'Aspen' and planting densities were adjusted to account for this difference.
Materials and methods
The soil at Verona is a Quitman fi ne sandy loam (fi ne-loamy, siliceous, thermic, Aquic Paleudult). Preplant fertilizer (7.6N-7.0P-21.0K) was applied before bed making at a rate of 785 lb/acre (879.2 kg·ha -1 ) each year according to soil test recommendations. Pumpkins were not grown in the same location each year, but the sites were used for other agricultural crops in previous years. Plant beds were made 0. Each hill was planted with two or three seeds and then thinned by hand to one plant per hill 2 weeks after emergence. At this time, a few missing plants were replanted with greenhouse-grown seedlings. This resulted in an excellent plant stand for each cultivar and each year. Clomazone herbicide was applied at label rates immediately after seeding. Within 1 week of application, 0.5 to 1.0 inch (1.27-2.54 cm) of precipitation effectively incorporated the herbicide. Effects of the herbicide became evident in 2000 on many young plants, which exhibited white, bleached leaves. All plants, however, soon recovered and produced green and healthy foliage. Row middles were mechanically cultivated by hand or with a tractor-mounted rototiller 1 month after planting. Esfenvalerate, permethrin, or endosulfan were mixed with chlorothalonil or azoxystrobin and applied on a 7-to 10-d schedule for insect and disease control. Pest control protectants were alternated every other week. Two to four active beehives per acre (4.9-9.9/ ha) were used each year.
The experimental design was a randomized complete block with four blocks. Cultivar was not part of the experimental design; therefore, 'Aspen' and 'Howden Biggie' were planted in separate plantings each year. (Fig 1) .
Results and discussion
Plant population signifi cantly affected yield of 'Aspen' and 'Howden Biggie' (Fig. 2) . Linear and quadratic relationships were signifi cant for 'Aspen', with maximum yield (ton/acre and fruit/acre) for the quadratic relationship occurring at about 2045 plants/acre. Plant population affected yield of 'Howden Biggie' differently than 'Aspen'. As plant population increased from 605 to 2045 plants/ acre, yield in ton/acre decreased signifi cantly in a linear relationship. The trend for yield in fruit/acre decreased in a similar and linear manner but at a signifi cance of P = 0.0972. Our results are not consistent with that of Riggs (1997, 1999) where increasing plant population of semi-vining and vining cultivars either did not affect yield or increased it in a linear fashion. Our methods differed slightly from theirs in that plant populations in our experiments were adjusted by varying in-row spacing while holding between-
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row spacing constant at 8 ft. In one of their studies, between-row spacing was 6 or 12 ft (1.8-3.6 m). Reiners and Riggs also used moderate to high plant populations in their studies (1874 to 7495 and 1210 to 3626 plants/acre) whereas we used low to moderate populations in our experiments (605-3068 plants/acre). Our results are also not consistent with most other research with vine crops, where increasing plant population slightly increases yield and signifi cantly increases number of fruit per acre (Wien, 1997) . Plant population signifi cantly affected fruit weight and size (Fig. 3) . As plant population increased, weight and size decreased slightly but signifi cantly in a linear relationship for 'Aspen' (lb/ fruit and inch 3 /fruit) and 'Howden Biggie' (lb/fruit). Linear and quadratic terms, however, were signifi cant for 'Howden Biggie' (inch 3 /fruit), with minimum fruit size for the quadratic relationship occurring at about 1361 plants/acre. These results are consistent with other reports about the effect of plant population on fruit size and weight of vine crops, where increasing plant population generally results in decreasing fruit weight and size. For example, Edelstein and Nerson (2002) reported number of fruit per acre increased ~100% while average fruit weight decreased ~40% as plant population of watermelon increased 8-fold from 2024 to 16,188 plants/acre (5000-40,000 plants/ha).
Plant population greatly affected pumpkin yield components associated with plant productivity (Fig. 4) . As plant population increased, number and weight of fruit per plant decreased sharply in a quadratic relationship for 'Aspen' (lb/plant and fruit/plant) and 'Howden Biggie' (lb/plant). Only the linear trend, however, was signifi cant for 'Howden Biggie' (fruit/plant). Plant productivity was least at the highest plant populations. At the highest plant population for 'Aspen', 3068 plants/acre, each plant produced one marketable pumpkin. At the highest plant population for 'Howden Biggie', 2045 plants/acre, only 60% of the plants produced one marketable pumpkin. These results are consistent with other reports about the effect of plant population on plant productivity of vine crops. Reiners and Riggs (1999) pointed out that plants that do not produce marketable fruit do not contribute to yield and essentially act as weeds, competing with fruited plants for light, water, and other resources.
RESEARCH REPORTS
Plant population did not appear to affect the relative distribution of fruit weight across selected weight categories (Table 2) .
Conclusions
Low to intermediate plant populations were more productive than high populations for commercial pumpkin production under our growing conditions and with the 8-ft between-row spacing used in our experiments. or use even lower values. In doing so, producers should expect slightly higher yields, slightly larger fruit, and much greater plant productivity than producers selecting plant populations in the middle or upper portion of each range. These conclusions for vining cultivars, however, are based on our results with 'Howden Biggie'. This cultivar produces larger pumpkins than most other vining cultivars grown for the wholesale market and our results may vary with vining cultivars that produce smaller pumpkins. These recommendations are also for pumpkins grown in the humid southeastern United States that achieve excellent plant stands and receive recommended rates of fertilizer, irrigation, and pest control chemicals.
